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Introduction

Species delineation and reconstruction of phylogenetic relationships are particu-

larly difficult in groups of organisms which are morphologically conservative and where

the numbers of individual specimens available for examination are low. In these cases it

is often impossible to determine whether subtle variations in morphological characters

are the products of intraspecific variation, or evidence for the existence ofmore than one

species. However, morphological conservatism does not necessarily reflect lack of diver-

sity in other biological attributes such as polynucleotide sequences, protein structures

and physiology. Over the last decade taxonomists have turned increasingly to the tech-

niques of molecular genetics to provide independent data to resolve some of the more

difficult problems.

Among the invertebrate phyla the Onychophora are considered to be an extremely

conservative taxon, with limited morphological differentiation amongst members of the

extant fauna. Moreover, comparisons of current forms with the scanty, but ancient,

fossil record display striking similarities. Fewer than 100 species are recognized within

the phylum world-wide, with eight species belonging to seven genera in Australia

(Ruhberg, 1985; Ruhberg et al, 1988). Recently, we have begun applying molecular

taxonomic techniques to the Australian Onychophora and revealed an unsuspected

extensive diversity of over fifty distinct species (Tait and Briscoe, 1990). These findings

have led us to review the existing literature on endemic onychophorans and to present

here a history of that knowledge as a base for subsequent taxonomic publications. This

history includes not only some unusual onychophorans, but also some of the more

colourful characters of Australian zoology.

Onychophoran Relationships

Members of this phylum are commonly known as peripatus, after the first genus

described (Guilding, 1826), or velvet worms, in reference to the texture of their integu-

ment. They have been allocated to two exclusive categories as 'missing links' and 'living

fossils' (Hill, 1950; Ghiselin, 1984). Although they were first included with the molluscs

(Guilding, 1826), their curious combination of annelid and arthropod character-

istics were soon appreciated (Macleay, 1829; Gervais, 1837). However, their arthropod
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features were subsequently ignored by many authors including Grube (1853) who

created the order Onychophora to contain peripatus within the annelids. Their arthro-

pod affinities were clearly established with a more detailed account of their internal

anatomy and especially the discovery of their, albeit primitive, tracheal respiratory

system (Moseley, 1874). Indeed, the Onychophora were seen to correspond with the

Protracheata, a hypothetical ancestral group of the terrestrial arthropods, proposed

earlier by Haeckel (1870, cited in Moseley, 1874).

The phylogenetic significance of the Onychophora has not diminished despite the

recent controversy regarding the origins of, and relationships among, the various

groups of extant arthropods. The monophyletic view is that the large number of synapo-

morphies displayed by all arthropods cannot be explained by convergent evolution

(Clarke, 1979; Boudreaux, 1979; Mangum etal, 1985; Wright and Luke, 1989), and the

Onychophora are considered to be a sister group to the Euarthropoda within the phy-

lum Arthropoda (Ax, 1984; Wright and Luke, 1989). In contrast, evidence from com-

parative functional morphology and embryology may be interpreted to indicate a

polyphyletic origin of the arthropods and hence elevation of the Uniramia, Crustacea

and Chelicerata to phylum rank (for review see Manton and Anderson, 1979). In this

reassessment, the Onychophora represent a key position in the evolution of the essen-

tially terrestrial uniramians. Sperm ultrastructural studies have also provided evidence

for a phylogeny linking the clitellate annelids with the Onychophora and the other

uniramians (Jamieson, 1986; 1987). Until this controversy is resolved, perhaps by the

use of molecular taxonomic techniques (see Field et al., 1988), most texts adopt the

impartial view and designate the Onychophora as a discrete protostome phylum. The

fossil record of onychophorans is sparse, and interpretation of its earlier members

somewhat controversial. Fossils approaching present day onychophorans in general

lobopodial body organization have been identified as Xenusion anerswaldae from the Early

Cambrian Baltic (Pompeckj, 1927; Jaeger and Martinsson, 1967; Krumbiegel et al.,

1980); Aysheaia pedunculata from the Middle Cambrian Burgess Shale of British Colum-

bia (Walcott, 1911; Whittington, 1978) and A. prolata from the Middle Cambrian

Wheeler Formation of Utah (Robison, 1985). It has been suggested that these fossils be

included as a taxon, Xenusia, of equal rank to the Onychophora and Tardigrada (Dzik

and Krumbiegel, 1989).

Fossils with less contentious onye iiophoran affinities include Helenodora inopinata

from the Late Carboniferous Mazon Creek beds of Illinois (Thompson and Jones, 1980)

and in the rich assembly of the Late Carboniferous Montceau-les-Mines in central

Fiance (Heyler and Poplin, 1988). Both these fossil localities contain terrestrial and

aquatic plants and animals, and so may re present the earliest record of terrestrial

onychophorans. As yet, no fossil onychophorans have been identified from land masses

where they presently exist.

The present day zoogeography of onychophorans is essentially one of Gondwanan

origins, from tropical to Southern Hemisphere cool temperate regions (Brinck, 1956).

They are divided into two families, the Peripatidae (Evans, 1901a) from tropical regions

of West Africa, South-east Asia and central and South America and the Peripatopsidae

(Bouvier, 1907) from South Africa, Australasia and Chile. Since both families are

represented in Africa and South America, it would appear that the two families diverged

before the break-up ofGondwana some 130 million years ago (Ghiselin, 1985).

Body organization and way of life are essentially similar in the one hundred or so

extant species. Their inability to control water loss (Manton and Heatley, 1937; Manton

and Ramsay, 1937; Morrison, 1946; Dodds and Ewer, 1952) confines them to terrestrial

microhabitats of high humidity in rotting logs, under logs and stones, leaf litter and soil.

They are negatively phototaxic (Holliday, 1942; Manton, 1938a; Brinck, 1956), forage
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at night (Read and Hughes, 1987) and, in the laboratory, maintain a nocturnal activity

rhythm (Alexander, 1957; Newlands and Ruhberg, 1978). The)- are active predators

enmeshing their prey in jets of sticky slime ejected from a pair of modified limbs, the

oral papillae, located on either side of the head. The prey is then torn open by the

mandibles and immobilization completed by injection of saliva, which may also

partially digest the flesh prior to it being sucked back into the mouth (Read and Hughes,

1987).

However, in their reproductive biology the Onychophora display great diversity.

Female reproductive strategies span the spectrum from oviparity with yolky shelled eggs

(Dendy, 1902); to ovoviviparity with yolky eggs (Sheldon, 1888; Evans, 1901b; Ander-

son, 1966); to viviparity with yolk-free eggs (Manton, 1949) and placental viviparity

(Anderson and Manton, 1972).

Males generally produce spermatophores (Storch and Ruhberg, 1977). In species

of Peripatopsis spermatophores may be deposited on any part of the body of the female

(Sedgwick, 1885; Manton, 1938a; Ruhberg, 1985). Invading haemocytes bring about

the destruction of the cuticle and the spermatophore envelope at their point of contact

and the spermatozoa travel through the haemocoel to the ovary which they penetrate to

reach the lumen (Manton 1938b). In contrast, spermatophores of the genus Peripatus are

reported to be implanted directly into the female genital opening (Lavallard and

Campiglia, 1975; Schaller, 1979). In the genus Parapenpatus
, males lack the ability to

produce spermatophores ( Willey, 1898; Cuenot, 1949) and insemination is presumably

direct (Schaller, 1979).

The recent discovery of a number of previously undescribed Australian onycho-

phorans, with male head structures involved in sperm transfer, indicates that male

reproductive biology may be as diverse as that of their female counterparts (Tait and

Briscoe, 1989; 1990).

Historical Review and Discussion

Early Records

The first scientific record of an Australian onychophoran was made by Rudolf

Leuckart, then Associate Professor of Zoology at the University of Giessen. In his report

of the scientific achievements in the natural history of lower animals for 1860, he

recorded that he could add to the list of known species of Peripatus, a new one from

Australia, which (incorrectly) was distinguished by possessing sixteen pairs of legs

(Leuckart, 1862).

The specimen was subsequently passed on to Mr H. Saenger, who included a short

description of it, as Peripatus Leuckartii (Saenger, 1869). Subsequent changes in spelling

and synonomies are given in Table 1. Saenger's account gave a marginally more precise

locality 'north-west of Sydney' and established the correct number of walking legs (15

pairs), but the reported lack of claws on the first pair was later to provide confusion.

Saenger's paper (1869) was reviewed by Leuckart in his reports for the years 1868-69 and

1870-71 (Leuckart, 1869; 1871).

Almost twenty years elapsed after Leuckart's (1862) note before Australian peri-

patus were again mentioned in the scientific literature. In 1886 two specimens from

Cardwell in North Queensland were sent to Mr Henry Tryon of the Queensland

Museum (Tryon, 1887), subsequently exhibited in Sydney in November 1886, and then

lost. Tryon next met with peripatus under dead wood in a gully in Victoria Park,

Brisbane, and, accompanied by Mr Frederick Skuse, under stones close to the Brisbane

General Hospital. These specimens were exhibited to the Royal Society of Queensland

on 15 April, 1887 (Tryon, 1887). This rediscovery of peripatus in Australia created such
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interest that it was reported the next day in the 'Brisbane Courier' of Saturday, 16th

April, 1887, where a half column was devoted to a very scientific discussion of its biology

and significance.

In the same year, Professor Jeffrey Bell, of King's College, London, and the British

Museum of Natural History, published a notification of two specimens sent to him by

Dr. Edward Ramsay, Curator of the Australian Museum, Sydney, and collected in the

'Queensland Scrubs' near Wide Bay (Bell, 1887). The specimens were forwarded to

Adam Sedgwick, of the University of Cambridge, and an account of them was incorpor-

ated into his monograph on the genus Peripatus (Sedgwick, 1888). Skuse (1897) later

claimed that the specimens referred to by Sedgwick as coming from Wide Bay were in

fact collected, by him, under stones close to the Brisbane General Hospital and

Acclimatisation Society's Grounds on 3rd April, 1887, presumably on his outing with

Tryon.

1887 also marked the first in a series of papers on peripatus by Mr. Joseph James

Fletcher, the newly appointed director and librarian of the Linnean Society of New

South Wales. This was a note and exhibition of a specimen with 15 pairs of claw-bearing

legs obtained from Warragul in Victoria (Fletcher, 1887). No comparison was made

with the Queensland specimens but Fletcher considered it of sufficient interest as a

record of the wide distribution of peripatus in eastern Australia. Following the discovery

of peripatus in Queensland and Victoria, an accurate locality in New South Wales was

provided by the exhibition of a specimen from Cassilis (Olliff, 1887).

In the Australasian section of his 1888 monograph, Sedgwick included a descrip-

tion of P. novae-zealandiae (Hutton 1876) and P. leuckartii which he based on the two speci-

mens from Wide Bay (or, according to Skuse (1897), from Brisbane) Queensland. The

diagnosis of P. leuckartii was: Australian peripatus with fifteen pairs of legs, an accessory

tooth on the outer blade of the jaw (absent in P. novae-zealandiae) and a white papilla on

the ventral side of each of the last pair of legs in the male (absent in P. novae-zealandiae).

Sedgwick also noted that the genital pore of the female P. leuckartii — was situated on the

tip of a conspicuous protuberance. This feature, an ovipositor, was later to assume

importance in indicating an oviparous mode of reproduction.

Fig. 1. Female and new born young of the ovoviviparous Euperipatoides leuckartii, the first species of an

onychophoran described from Australia.
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Fletcher's enthusiasm for onychophorans apparently increased during 1888, as

evidenced by his presentation of three exhibitions. The first, on 27th June, noted that

specimens collected near Wollongong were of a prevailing dull black or brown and red

colouration, in contrast to the indigo-blue of those from Queensland, and foot-noted

that dissection of one individual showed it to be pregnant (Fletcher, 1888a). Later, on

31st October, he exhibited the four newly-born progeny of one of hisJune specimens and

noted their size (7mm when extended) and colouration (almost colourless to conspicu-

ous pigmentation within a few days) (Fletcher, 1888b); see Fig. 1. On November 2nd, he

exhibited, and noted the colour variation between, two specimens from Burrawang,

near Moss Vale in New South Wales (Fletcher, 1888c).

The known range of peripatus in New South Wales was extended over the next few

years with Fletcher's receipt of specimens from Dunoon (on the Richmond River in the

north), the Blue Mountains and, most surprisingly, from the Mount Kosciusko region

(southern alps) (Fletcher, 1890). The last were collected by Mr. R. Helms in March 1889

at Pretty Point and Wilson's Valley at altitudes of over 1500 metres where, for some

months of the year, the ground is frequently covered with over a metre of snow (Helms,

1890). Fletcher (1890) described the variation in colour of the specimens from each of the

three localities. The prevalent colours were indigo-blue and red, either of which could

predominate, with longitudinal stripes of light and dark colour most conspicuous in

specimens with a maximum of red.

Before the turn of the century, predominantly dry inland onychophoran localities

at Tamworth (Paulden, 1898) and Moree in the north-western plains (Waite, 1895), were

added to Olliffs (1887) Cassilis record.

Meanwhile Arthur Dendy, of the University of Melbourne, had described two

specimens collected at Warburton in Victoria (Dendy, 1889a; b); Dendy often published

the same article simultaneously in a local and an overseas journal. Although possessing

fifteen pairs of claw-bearing legs, they were so strikingly different from both P. leuckartii

and P. novae-zealandiae in colour and pattern that Dendy considered that they belonged to

a separate species.

Sedgwick lost no time in refuting Dendy's assumption that a new species

designation was warranted (Sedgwick, 1889). He pointed out that specimens he had

examined from both New South Wales (donated by Mr Olliff) and Queensland were

identical and, therefore, he doubted the distinctiveness of any Victorian forms. Further-

more, the considerable colour variation exhibited within both P. capensis (Grube 1866)

and P. novae-zealandiae indicated the danger of using colour in species identification. In a

personal letter Fletcher also cautioned Dendy regarding the use of colour in species

identification (Dendy, 1889c).

These communications seem to have had the desired effect. In his next article,

Dendy described the colour variation in eleven specimens of peripatus collected near

Ballarat, Victoria (Dendy, 1889c). The external features used in the diagnosis of/? leuck-

artii by Sedgwick were shared with the Victorian specimens. Thus Dendy was per-

suaded to accept only one species of peripatus so far described from Australia. In the

handbook provided for the use of members of the Australasian Association for the

Advancement of Science (AAAS) held in Melbourne in 1890, Dendy noted the sig-

nificance of peripatus and the occurrence of/? leuckartii in Victoria (Dendy, 1890a).

A turning point came in 1890 with the description of a new species, P. insignis, from

Macedon, Victoria (Dendy, 1890 b,c). This form was distinguished from P. leuckartii in

possessing only 14 pairs of legs, and the absence of the accessory tooth on the outer

blades of the jaw and the white papillae on the bases of the last pair of legs of males. The
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female genital aperture was located at the tip of a prominent white protuberance (later

termed an ovipositor).

The known distribution of peripatus was extended to include Tasmania in a note on

the existence of" a bleached specimen, possessing fifteen pairs of legs, in the Macleay

Museum at the University of Sydney (Fletcher, 1890). Except for the locality being

Tasmania, no other information accompanied the specimen, which no longer exists in

the museum (Horning, 1989, pers. coram.). This is regrettable as the specimen raises an

intriguing historical possibility. In his letter of 1829, William Sharp Macleay (Macleay,

1829) comments that there is a specimen of peripatus in the collection of his father,

Alexander Macleay. If this specimen corresponded to the one viewed by Fletcher, it

would represent the first Australian onychophoran, predating Leuckart by nearly 40

years.

In 1895 Professor Baldwin Spencer, of the University of Melbourne, collected

specimens which he identified as P. insignis, at Dee Bridge, Tasmania (Spencer, 1895).

He did, however, note the relatively large size of these individuals, in comparison to

Victorian forms of P. insignis. This distinction later led Cockerell (1913) to name the

Tasmanian peripatus after Spencer (Table 1). Flynn (1918) added further localities at

Great Lake and near Hobart.

The year 1895 was also notable for the first collection from Western Australia. Five

specimens from Bridgetown had fifteen pairs of legs but lacked an accessory tooth on the

outer blades of the jaws (Fletcher, 1895). Were these animals a variety of P. insignis with

an additional pair of legs, or P. leuckartii without an accessory tooth? They were to play

an important part in an acrimonious dispute on the taxonomy and reproductive biology

of peripatus which had developed between Fletcher and Dendy.

Viviparity, Oviparity and Taxonomy

Apart from Fletcher's observation of the sudden appearance in vivaria ofjuveniles

(Fletcher, 1888b), nothing was known of the reproductive biology of the Australian

species. Fletcher assumed that the young were born alive as viviparity had been

described in various species of peripatus from other continents.

In May, 1891, Dendy obtained several specimens, with fifteen pairs of legs, and

hence referable to P. leuckartii, from Macedon, Victoria, the type locality of/5
insignis.

One male and three females were maintained in a vivarium for long-term observation

and on 31st July, several eggs were found deposited beneath and in the crevices of bits of

rotten wood (Dendy, 1891a, b,c,d). The identity of the eggs was in no doubt as dissection

of the genital tract of females revealed eggs of comparable form; very large, oval, and

each enclosed in a very tough, thick membrane. In the eggs from dissected females this

membrane appeared smooth, while in the deposited eggs it was exquisitely sculptured

(Fig. 2). On the basis of these observations, Dendy concluded that P. leuckartii, as he had

been persuaded to call the Victorian specimens with fifteen pairs of legs, was oviparous,

that Fletcher's intimated conclusions regarding viviparity were in error, and that

Fletcher had failed to notice laid eggs in his vivarium. Dendy expected the eggs to hatch

in October, based on Fletcher's finding ofjuveniles in that month.

The response to this report of oviparity in Australian peripatus was immediate and

critical. Sedgewick (1891) suggested that it was no more than a case of abnormal ex-

trusion of undeveloped embryos induced by stress. This criticism entirely mis-

represented Dendy's description of eggs with a thick shell, a development that does not

occur in viviparous species.

Fletcher's criticism was even more overt (Fletcher, 1891a), stating that no matter

what mode of reproduction occurred in peripatus from Victoria, those from New South

Wales were definitely viviparous. He exhibited a series of twenty eight embryos
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including individuals whose development was so nearly complete that they must have

been close to parturition. He followed this by an exhibition of about one hundred speci-

mens from the Blue Mountains, together with their progeny, prematurely-born young

of an accidentally injured female, advanced embryos extruded during the drowning of

their mothers, and dissected females showing the oviducts crammed with embryos

(Fletcher, 1892a).

Fletcher elaborated a defense of his own conclusions and an attack on Dendy in a

paper read to the Linnean Society of New South Wales on 27th April 1892 (Fletcher,

1892b). He appeared to be particularly incensed to read the claim (Dendy, 1891a, b,c,d)

that '. . . hitherto little has been known of its habits and nothing of its mode of reproduc-

tion.' He tartly replied that he would have no difficulty in proving, even to Dendy's satis-

faction, that the New South Wales peripatus was '.
. . viviparous in 1888, that it is still

viviparous in 1892, and that in the interval it was also viviparous . .
.'! He pointed out

that the first dissected specimen of P. leuckartii (Fletcher, 1888a) was full of advanced

embryos similar to those found in South African P. capensis by Moseley (1874), and there-

fore in accordance with what was known of other species.

Fletcher was by no means convinced that Dendy's Victorian forms were oviparous,

adding to the doubt already seeded by Sedgwick (1891). He stated that Dendy should

have confined himself to Victorian peripatus and not generalized to include New South

Wales forms. Nonetheless, he conceded, 'If the Victorian peripatus really is oviparous,

then it is oviparous . . . also the mode of (its reproduction) will almost certainly differ

from that of the New South Wales peripatus . .

.'

Dendy replied to this criticism at the Hobart meeting of the AAAS (Dendy, 1892a)

and provided further information to support his views (Dendy 1892b,c). First, he

pointed out that it was Fletcher and Sedgwick who persuaded him that Victorian speci-

mens should be referred to P. leuckartii. Second, Dendy was not aware of contradicting

any statement regarding the mode of reproduction in the New South Wales form, for the

simple reason that he could not find any definite statement for him to contradict. Dendy

now fully admitted that he had been incorrect in his interpretation of the mode of

reproduction in the New South Wales specimens but that he was, nevertheless, justified

in his conclusions.

The solution to the whole difficulty was simple. Dendy's original opinion was

correct and the Victorian form with fifteen pairs of legs was specifically distinct from P.

leuckartii. He refrained, at the time, from giving it a name.

Meanwhile the catalysts of this acrimony, the eggs found on 31st July 1891 in

Dendy's vivarium, had not hatched. One, dissected in October, surprisingly revealed no

sign of an embryo but, by November, coiled embryos were evident within several eggs.

Dissection of one of these revealed an advanced embryo. By April 1892 only three eggs

remained. Nearly a year later, onJanuary 3rd 1893, the one remaining egg was found to

have split on one side and a young peripatus had emerged. Ironically, after seventeen

months of patient vigilance, Dendy found it dead in the container (Dendy, 1893a,b).

Although the eggs were maintained under artificial conditions, these observations

indicated an extraordinarily long incubation period for this species and vindicated

Dendy's proposition that Victorian peripatus were egg-layers. It would seem that the

controversy should now have abated. This was not to be.

By this stage two named species were acknowledged in Australia, P. leuckartii and P.

insignis, together with the unnamed Victorian oviparous form studied by Dendy. Even

this meagre consensus was disturbed by Dendy in his presidential address to the biologi-

cal section of the AAAS meeting in Brisbane in January, 1895. Dendy reported a

recently acquired translation of Saenger's (1869) diagnosis of P. leuckartii, obtained from

Professor Baldwin Spencer (Dendy 1895a). He suggested that the description more
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closely fitted P. insignis. i.e. fourteen pairs of claw-bearing legs and the first, clawless legs

were really the oral papillae.

Fig. 2. Scanning electron micrograph of the sculptured egg of the oviparous Oopenpatellus insignis.

On his way to the meeting, Dendy had met with Fletcher in Sydney and discussed

nomenclature (Dendy, 1902). They decided to each present a paper at the next meeting

of the Linnean Society of New South Wales, Fletcher to confine himself to the

viviparous form from New South Wales, and Dendy to the oviparous Victorian species.

They agreed the latter should now be named. This arrangement did not last long.

Fletcher received the specimens from Bridgetown, Western Australia which possessed

fifteen pairs of legs (like P. leuckartii) but with the outer jaw blade morphology of P.

insignis. The concept of erecting yet another species was too much for Fletcher, '. . . Aus-

tralia would, I think, be oversupplied with as many as four species' (Fletcher, 1895).

Fletcher commented on variation in the form of the accessory tooth in the New

South Wales specimens and that it would seem the number of legs was also variable

(fourteen or fifteen pairs) especially as a New Zealand form with sixteen pairs of legs had

recently been discovered and designated a subspecies P. novae-zealandiae (suteri) (Dendy,

1894a,b).

Thus Fletcher writes, 'The most satisfactory arrangement, in my opinion, would be

to consider all the known Australian specimens of peripatus as referable to one compre-

hensive species with four varieties'. His species diagnosis is all encompassing, 'With

fourteen or with fifteen pairs of claw-bearing, ambulatory legs; outer jaw blades without

or with an accessory tooth, occasionally more, at the base of the main tooth; males

smaller than females, with a pair of (accessory gland) pores close together and situated

between the genital papilla and the anus; with a white or sometimes bluish tubercle, on

which opens the crural gland, on each leg of the first pair only, or of the last pair only, or

of all or only some of the pairs with the exception of the first, or of the first five.' The dis-

tribution was described as suitable situations in the tableland and coastal regions of
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Queensland and New South Wales, Victoria, Tasmania, and Western Australia. The

four varieties included:

i. P. leuckarti Saenger var. typica = P. insignis, Dendy. With fourteen pairs of claw-

bearing legs; outer jaw blades without an accessory tooth. New South Wales,

Victoria and Tasmania,

ii. P. leuckarti Saenger var. occidentalis, var. nov. With fifteen pairs of walking legs;

outer jaw blades without an accessory tooth. Bridgetown inland from Perth,

Western Australia,

iii. P. leuckarti Saenger var. orientalis, var. nov. With fifteen pairs of walking legs;

outer jaw blades with one or several accessory teeth. Queensland and New

South Wales,

iv. The Victorian Peripatus to be dealt with by Dr. Dendy. Victoria and Tasmania

(probably for the bleached specimen in the Macleay Museum).

Thus Fletcher had taken up Dendy's tentative suggestion that P. insignis was the real

'leuckarti? without reference to the type specimen.

From Fletcher's descriptions of the various subspecies of P. leuckartii, some indica-

tion of morphological differentiation is evident in the distribution of the crural glands in

males. The extraordinary range outlined in the species diagnosis does not occur in each

of the subspecies. Thus P. leuckarti typica has crural glands on all legs except the first five

pairs, while in P. leuckarti occidentalis they are present on all legs except the first pair.

Peripatus leuckarti orientalis is unusual in that while most individuals have a similar distri-

bution of crural glands to P. leuckarti occidentalis some have a distinctive pattern with

crural glands on the first pair of legs only. The first record of an individual with this .pat-

tern was for a specimen collected in the Blue Mountains (Fletcher, 1891b). Subsequently

as many as thirty individuals had been identified displaying this distribution of crural

glands. It is evident that Fletcher's view of how many species of peripatus Australia

could support prevented him from diagnosing specific differences and indeed in one

subspecies, P. leuckarti orientalis, he could in fact have incorporated two species each dis-

playing a distinctive pattern of crural glands in the males. The distribution of crural

glands was later to receive prominence in the identification of Australian onycho-

phorans (Ruhberg, 1985; Ruhbergrfa/., 1988).

Apart from a short note on the extension of the distribution of a New Zealand

species (Fletcher, 1900), this was to be Fletcher's last word on the subject of peripatus

taxonomy.

Dendy's paper, confined as agreed to the Victorian egg-laying species with fifteen

pairs of legs, was published next to Fletcher's (Dendy, 1895b) and in an abridged form

(Dendy, 1895c). Dendy was presumably unaware of what Fletcher had done to the tax-

onomy of Australian peripatus and he provided a detailed description of the reproduc-

tive anatomy of P. oviparus n. sp. with an account of the formation of the egg membranes.

This was the first report to correlate the presence of a large extensible ovipositor between

the last pair of legs in females with the oviparous mode of reproduction. No comment

was made about the possibility of P. insignis being oviparous although this species had

been described as possessing a conspicuous ovipositor (Dendy, 1890 b,c).

The distribution of oviparous species was soon extended to include New South

Wales and Queensland. Already Sedgwick (1888), in his description of P. leuckartii from

southern Queensland, had noted the presence of an ovipositor, but this was not taken at

the time as an indication of oviparity. Thomas Steel, an industrial chemist with the

Colonial Sugar Refining Company in Sydney and twice President of the Linnean

Society of New South Wales, made the next contribution. He had reported extensively

on the colour variations, behaviour and sexual biology of viviparous specimens from the

Moss Vale District, New South Wales (Steel, 1896). In the following year (Steel, 1897),
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he noted the possible occurrence oi' P. oviparus between Exeter and Bundanoon, in the

same general area as Moss Vale, based on a specimen with striking colour and a fully

extended ovipositor. Furthermore, Steel re-examined the specimens collected by Helms

at Mount Kosciusko (Fletcher, 1890) and noted that they too had conspicuous ovi-

positors and were, in all probability, P. oviparus. Spencer (1892) collected nine peripatus

near Cooran in southern Queensland. Subsequent examination of one female revealed

an ovipositor (Dendy, 1902).

The range of oviparous onychophorans, unknown elsewhere in the world, soon

included New Zealand. In 1900 Dendy reported a species, from the South Island, which

had fourteen pairs of legs and a conspicuous ovipositor in females (Dendy, 1900a, b). He

proposed the name P. viridimaculatus . During the same year Fletcher (1900) exhibited

specimens from the North Island which he referred to as P. viridimaculatus.

The First attempt at generic re-evaluation of the rapidly accumulating species of

Peripatus world-wide, was by Pocock (1894). He proposed three genera: Peripatus to be

retained for neotropical species; Peripatopsis for South African species; and Peripatoides for

those from Australia and New Zealand. This led to the erection of many new genera

within each of these geographical areas.

By 1900 Dendy had amassed enough information to propose that the three species

of oviparous peripatus should be given a separate generic designation (Dendy, 1900c).

The genus Ooperipatus was proposed to include:

i. 0. oviparus, with 15 pairs of legs and an accessory tooth on the outer blade of

the jaw. Victoria, N.S.W. and Queensland.

ii. 0. insignis, with 14 pairs of legs and no accessory tooth on the outer blade of the

jaw. Victoria and Tasmania.

iii. 0. viridimaculatus, with 14 pairs of legs, no accessory tooth on the outer blade of

the jaw and distinctive colour pattern. North and South Islands of New

Zealand.

While each of these species was characterized by the presence of a conspicuous

ovipositor, shelled eggs had only been identified in P. oviparus and P. viridimaculatus.

Specimens of P. insignis, so far collected, were small and contained neither eggs nor

embryos.

Thus by the turn of the century, six species of peripatus had been described from

Australia and New Zealand, three of which were distinguished by the egg-laying mode

of reproduction. Although Sedgwick cautioned against the erection of new genera

(Sedgwick, 1908), the ad hoc erection of genera continued and Peripatoides became en-

trenched to accommodate the viviparous species; P. leuckartii in the east and P. occidentalis

(elevated to species rank by Bouvier (1907) ) and the later identified P. gilesii, in the west

with P. novae-zealandiae and P. suteri from New Zealand. The genus Ooperipatus was also

retained to include the oviparous species; 0. oviparus from Victoria, New South Wales

and Queensland, 0. insignis from Victoria and Tasmania and 0. viridimaculatus from New

Zealand (Dendy, 1900c).

Having been the prime instigator of the recognition of oviparity in some species of

Onychophora, Dendy culminated his contribution with a detailed description of the

three egg-laying species from Australia and New Zealand (Dendy, 1902). Although

Dendy was responsible for initiating the idea that the Victorian species with fourteen

pairs of legs (0. insignis) was possibly the real 'leuckartii
1

(Dendy, 1895a), he had aban-

doned this notion in his revision of the generic designation of the oviparous species

(Dendy, 1900c). Dendy's observations of Leuckart's specimen at the Leipzig Zoological

Museum finally confirmed that it was identical to the ordinary viviparous form with

fifteen pairs of legs found in New South Wales (Dendy, 1906). Hence it was left to

Fletcher to perpetuate the notion, that the real

'

leuckartii had fourteen pairs of legs, in his
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view of the taxonomy of Australian peripatus as one comprehensive species with 0.

insignis designated P. leuckarti typica (Fletcher, 1895). Steel concluded his contribution

with an account of peripatus in the first edition of the Australian Encyclopaedia (Steel,

1925).

Later Discoveries and Revisions

In 1905 the Hamburg expedition to Western Australia, led by Professor W.

Michaelson and Dr. R. Hartmeyer, collected onychophoran specimens at Lion Mill in

the Darling Ranges, inland from Perth. These were distinctive in possessing sixteen

pairs of legs, but shared with P. occidentalis the absence of accessory teeth on the outerjaw

blade. Bouvier (1909a,b) named these Peripatoides Woodwardi. Prior to the German

expedition, Mr. H. M. Giles, of the Zoological Gardens in Perth, had made several

collections (Woodward, 1906) and sent four animals, from Armadale, southeast of

Perth, to Baldwin Spencer who described them as P. gilesii (Spencer, 1909). Professor

William Dakin, of the University of Western Australia, while attempting to identify

onychophorans from Mundaring Weir in the Darling Ranges, recognised the potential

synonomy of P. gilesii and P. woodwardi from such close localities. Comparisons of his

specimens with type specimens of Spencer and the descriptions of Bouvier (1909a,b)

confirmed the synonomy. The name P. gilesii took precedence by less than nine months

(Dakin, 1914a,b).

Furthermore, comparison of P. occidentalis with P. gilesii resulted in a surprising

conclusion (Dakin, 1920). Apart from the number of legs, the two species agreed in all

other respects. This included the distribution of the crural glands as occurring on all

pairs of legs. Dakin settled the conflicting reports of the number of pairs of these struc-

tures in the Western Australian species (Fletcher, 1895; Bouvier, 1900; Haddon, 1913) by

pointing out the difficulty in identifying crural papillae from external examination due

to variation in their state of protrusion. Careful dissection is the only way to reveal the

correct number of papillae and their associated glands. On this basis Dakin concluded

that the two forms were varieties of one species. Since P. occidentalis had precedence over

P. gilesii, the former was retained. Thus Dakin reduced the number of species of peri-

patus in Western Australia from three to one.

The contribution made by the eminent zoologist, Bouvier, to the biology of Ony-

chophora extends far beyond his naming of Australian species. His work, and a synthe-

sis of others, is embodied in two large monographs (Bouvier, 1905a, 1907). Bouvier

divided the Onychophora into two families: the Peripatidae (Evans, 1901a) to include the

tropical forms from Africa, South-east Asia and central and South America, and the

Peripatopsidae (Bouvier, 1907) from South Africa, Australasia and Chile. In his first

publication on Australasian onychophorans he commented on the paucity of specimens

from the region, held in the British Museum, but, nonetheless, noted that the male of P.

leuckarti orientalis possessed crural papillae on legs two to fifteen inclusive (Bouvier, 1900).

The species designation was later changed to Peripatus orientalis (Bouvier, 1902) and then

to Peripatoides orientalis in a more detailed account of its anatomy (Bouvier, 1905b).

Bouvier's monograph (1905a) contained an unfortunate number of errors, largely

emanating from the Dendy-Fletcher controversy, some of which were pointed out in an

otherwise complimentary postscript to Dendy's (1906) paper.

While Bouvier accepted Dendy's genus Ooperipatus '.
. . by a series of unfortunate

misprints, this name is in many places confounded with the name Eoperipatus given by

Mr Evans to a totally distinct genus' (Dendy, 1906). Even more confusing was the desig-

nation of a species in a figure legend as Ooperipatus leuckartii. Bouvier retained these mis-

conceptions in his second monograph (Bouvier, 1907). Peripatoides orientalis (designated

Peripatus leuckarti orientalis, Fletcher, 1895) should have been P. leuckartii; Ooperipatus
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Table 1

Chronological sequence of identification and synonumies ofspecies ofAustralian peripatus

Author (date) Designated Generic Names with

Leuckart (1862) Peripatus sp.

Saenger(1869 Peripatus

Leuckartii

Dendy(1889a,b) Peripatus sp.

Dendy (1889c) Peripatus

leuckartii

Dendy (1890b,c) Peripatus insignis

Victoria)

Pocock (1894) Peripatoides designated as genus for Australasian species with Peripatoides noveazealandiae specified as

type species

Spencer (1895) Peripatus

insignis

Dendy (1895a)

(Tasmania)

Peripatus teucKariu

Fletcher (1895) Peripatus

leuckarti

orientalis

Peripatus

leuckarti s.sp

1 enpatus ttuthaiii

typica

Dendy (1895b) Peripatus

Dendy (1900c)

oviparus

Ooperipatus Oopenpatus insignis

oviparus

Bouvier(1907) Peripatoides

orientalis

Ooperipatus

oviparus

Ooperipatus

leuckarti

Ooperipatus

insignis

Spencer (1909)

Bouvier(1909a,b)

Cockerell (1913) Symperipalus Ooperipatus Ooperipatus

oviparus insignis spenceri

Dakin (1914a, b)

Bouvier(1915)

Dakin (1920)

Hardie(1972) Peripatoides

leuckartii

Peripatoides

oviparus

Penpali lats ins i t/n is

Baehr(1977)

Ruhberg(1985) Euperipatoides

leuckarti

Euperipatoides

sp.

Ooperipatus

oviparus

Ooperipatellus insignis

Ruhberg el al.

(1988)
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Specific Sub-specific Epithets

Peripatus

leuckarti

occidentalis

Peripaloid.es

occidentalis

Uoperipatus

decoralus

Peripaloides

occidentalis

occidentalis

Peripatoides

occidentalis

Occiperipaloides

occidentalis

Perip

gilesu

Peripatoides

Woodwardi

Peripaloides

gilesii

Peripatoides

occidentalis

gilesii

Peripatoides

gilesii

Occiperipaloides

gilesi

Uoperipatus

paradoxus

Austroperipatus

paradoxus

A ustroperipa tus

paradoxus

Mantonipatus

persiculus

Cephalojovea

tomahmontis
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leuckartii (designated Peripatus leuckarti typica by Fletcher, 1895) should have been Ooperi-

patus insignis (Dendy, 1890b,c). Ooperipatus insignis was designated by Bouvier only for the

Tasmanian specimens previously considered identical to the Victorian 0. insignis

(Spencer, 1895) (see Table 1).

Despite the inappropriate species designations, Bouvier considered the Tasmanian

oviparous form with fourteen pairs of legs to be specifically distinct from the oviparous

species with the same number of legs from Victoria. It was soon realised that 0. insignis

from Tasmania as designated by Bouvier could not retain the name assigned to it, as 0.

insignis should have been retained by precedence for the Victorian species (Cockerell,

1908). Several years later the Tasmanian species was formally designated as 0. spenceri

after its discoverer (Cockerell, 1913), and it was suggested that the oviparous species with

fifteen pairs of legs and the two oviparous species with fourteen pairs of legs should not

be congeneric. Hence the genus Symperipatus was created to accommodate 0. oviparus,

and Ooperipatus was retained for 0. insignis in Victoria and 0. spenceri in Tasmania.

Following publication of his monographs, Bouvier examined two collections of

peripatus made by Dr. E. Mjoberg during two expeditions in the period 1910-1913. In

the first, from Western Australia, Bouvier could identify P. woodwardi (= gilesii)

(Bouvier, 1915). In the second, from rainforest around Cairns in northern Queensland,

he identified 0. oviparus, extending the range of that species by more than 1,000km

northwards. There were, in addition, a number of anomalous specimens in which

females were viviparous, but possessed an apparent ovipositor, and where males evi-

denced a penis-like extension of the genital region. For simplicity Bouvier included this

distinctive form within Ooperipatus, appending the specific name paradoxus (Bouvier,

1914; 1915).

Recent Studies

Following the works of Bouvier and Dakin on the Western Australian fauna, little

was added to the taxonomy of Australian Onychophora for fifty years. In 1938 the first

photograph ever taken of a peripatus was published, incorrectly identified as 0. insignis.

The specimen, from St. Marys in north-east Tasmania, clearly displays fifteen pairs of

legs and is described in the accompanying note as being of a delicate fawn colour

(Barrett, 1938). We believe that this specimen may be conspecific with the 'bleached'

specimen in the Macleay Museum and have recently described it, from freshly collected

individuals, as Tasmanipatus barretti n.gen. n.sp. together with a most unusual eyeless

albino form, T. anophthalmus n.sp. (Kuhberg etal. , 1991).

In 1972 Mr Robert Hardie, of the University of New England, Armidale, submit-

ted a thesis on various aspects of the distribution, ecology, behaviour and taxonomy of

Australian onychophorans (Hardie, 1972). Some aspects of this work were later pub-

lished (Hardie, 1975). This study provided, for the first time, an extensive analysis of the

diagnostic characters that had been used by previous authors to distinguish species. In

general, the anatomical characters employed for diagnosis were shown to be unsatisfac-

tory for a variety of reasons. These included; characteristics found in all Australian

species, characteristics that displayed intraspecific variation, characteristics that were

sexually dimorphic, and characteristics that altered with the stage of development.

Furthermore, some characters appeared to show clinal variation with altitude and lati-

tude. Hardie concluded that the present state of taxonomy of Australian onychophorans

was unsatisfactory and, until more extensive and rigorous work was carried out, a con-

servative approach should be adopted. All Australian onychophorans were accordingly

grouped within the one genus Peripatoides to include the viviparous leuckartii in the east

and occidentalis and gilesii in the west; and the oviparous oviparus in eastern mainland

Australia and insignis in southern mainland Australia and Tasmania. Along with most
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other workers, Hardie ignored Dakin's (1920) synonomy of P. gilesii and P. occidentalis

.

Hardie considered that 0. paradoxus (later designated Austroperipatus paradoxus (Baehr,

1977) ) should be disregarded until further information became available. A suggestion

was made that macromolecular and cytogenetic techniques could be employed to un-

ravel the problems of morphological taxonomy displayed by the group.

A world-wide revision of the family Peripatopsidae, including the Australian fauna,

completely reversed these conclusions (Ruhberg, 1985). On the basis of morphological

criteria, Ruhberg divided the Australian fauna into six genera containing eight species.

Austroperipatus paradoxus was reinstated as a valid species, Peripatoides leuckartii was

redescribed as Euperipatoides leuckarti {Peripatoides now being reserved for New Zealand

species) and its distribution extended to the northwest of Tasmania. The Western Aus-

tralian species gilesii and occidentalis were included in a single genus Occiperipatoides. The

oviparous species Ooperipatus oviparus was reinstated {Symperipatus oviparus of Cockerell,

1913). Ooperipatus insignis from Victoria, 0. spenceri and 0. decoratus from Tasmania (the

last designated for specimens collected at Dip River Falls near Wawbanna, northwest

Tasmania, Baehr, 1977) and 0. viridimaculatus from New Zealand were synonymized and

given a new generic designation as Ooperipatellus insignis. Two new species, Mantonipatus

persiculus from South Australia and Euperipatoides sp. from Armidale N.S.W., were also

described. This version of the taxonomic relationships of Australian onychophorans is

based entirely on morphological features with emphasis on the number of legs, the num-

ber and distribution of crural papillae and associated glands in the males, and reproduc-

tive mode in the females.

In 1984 we rediscovered the form of P. leuckartii in the Blue Mountains which

displays crural papillae on only the first pair of legs (Fletcher, 1891) and, on allozyme

and morphological criteria, have described it as Cephalofovea tomahmontis (Ruhberg et al.

,

1988).

Conclusions

The confusion which has arisen in the taxonomy of Australian Onychophora is

attributable to several factors. First, it has been extremely difficult to find clear-cut

morphological features to distinguish species and genera in such a conservative group.

Second, it has generally been assumed that species would have wide distributions, for

example 0. oviparus extending from Victoria to northern Queensland (Ruhberg, 1985).

While some species are widely distributed over a diversity of habitat types (Van der

Lande, 1978), our allozyme analysis indicates that many species have extremely limited

ranges (Tait and Briscoe, 1990) and that collections made over wide geographical areas

may include, as apparently intraspecific and clinal variation, variation which is truly

interspecific (cf. Hardie, 1972). Third, this confusion is accentuated by sympatry of two

or more species. Ooperipatus oviparus and 0. insignis coexist at Macedon in Victoria

(Dendy, 1890b,c; 1891a,b,c,d). Steel (1896; 1897) recorded both P. leuckartii and 0. oviparus

in the Moss Vale district of New South Wales, while Bouvier (1914; 1915) described 0.

oviparus and 0. paradoxus from the Cairns region. In our own studies we have found up to

three distinct species sympatric within the same rotten log (Briscoe and Tait, in

preparation).

In addition to delineating and describing the species which make up the great

radiation of onychophora in Australia we are also attempting to reconstruct the phylo-

genetic relationships among the forms. Our colleague Dr. D. Rowell, of the Australian

National University, has very recently completed polynucleotide sequencing from some

of the undescribed species. His results (Rowell, 1990, pers. comm.) support the hypoth-

esis we derived from our allozyme data, that some of the separate lineages of onycho-
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phorans in Australia are extremely ancient, having diverged at a date which may well

precede the break-up of Gondwana.
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